Energy systems in rural China are experiencing a transition from traditional fossil fuels to renewables. This paper aims to investigate the potential factors that influence the choices of rural residents regarding water heaters with a focus on the low-carbon transition to solar water heating systems. To this end, a face-to-face questionnaire survey is undertaken with 3404 rural households randomly selected among 12 representative provinces. A comprehensive set of discrete choice modelling approaches were used. The empirical results show that (1) sociodemographic variables have significant effects on residents' first-stage choice of a water heater (to buy or not to buy) but few effects on the second-stage decision to choose electric, LPG, or solar water heaters (which type to buy); (2) information spillover is important to facilitate the usage of water heaters, particularly of solar products; (3) the electricity price, which is regulated at a very low rate, has no apparent effect on the choice of solar water heaters; (4) government subsidy has a significant effect in the first stage but no differentiated effect on the decision choice in the second stage. Policy and managerial implications are presented to speed up the ongoing low-carbon transition of energy systems in China.
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Introduction
As China continues on a path of rapid economic growth, it faces rising environmental challenges, including worsening air pollution and the threat of climate change, evidenced by the fact that China is the world's biggest carbon dioxide emitter, producing each year roughly the equivalent of the US and the European Union combined (Liu, 2015) . To address these concerns, the country has begun implementing ambitious programmes in renewable energy and energy efficiency in recent years (Ma et al., 2014; Zhu et al., 2015) . These programmes include the national milestone Renewable Energy Law, which took effect in January 2006, the national Medium-and Long-Term However, China's rising demand means new fossil fuel capacity is added continuously: the overall share of renewables within the total energy supply is stagnating at best, despite impressive investments in low-carbon energy technology and a wide array of climate and energy policies. In fact, China is investing more than any other country in the world in renewable energy, including hydropower, wind energy, and solar energy (Zeng et al., 2014) . In China, 85 million solar water heating systems have been installed and can be found in every province (Urban et al., 2016 ). Yet, solar water heaters are still far from mainstream. There is huge potential and an as-yet underexploited market. China's approach to solar energy has mainly focused on large-scale technologies and interventions such as large-scale ground-mounted solar photovoltaic (PV) farms and concentrated solar power. However, a small-scale technology has made a significant contribution that goes largely unnoticed. Domestic solar water heaters are ubiquitous and massively successful in China: they are the rarely-mentioned champion of low-carbon energy (Urban et al, 2016) .
Since solar water heaters are useful tools for achieving a low-carbon society in China, this study aims to examine how Chinese consumers choose water heaters, and in particular what drives consumers to purchase solar water heaters. To tackle this issue, a face-to-face questionnaire survey of 3404 rural households randomly selected among 12 representative provinces was undertaken.
By examining consumers' choices of electric, liquefied petroleum gas (LPG), and solar water heaters, a comprehensive set of discrete choice modelling approaches (both multinomial logit model and nested logit model) were used. It is worth mentioning that rural China does not have natural gas pipelines installed, hence, natural gas is not used to provide hot water in rural China, but is a common type in many OECD countries. According to our survey, the leading purpose of installing a water heater is for showers in rural China. Nearly 97.0% of the respondents of our survey considered showers as the primary usage. Other primary usages include cleaning the kitchen (1.7%), space heating (0.3%), and heating feed for livestock (0.4%). This is consistent with the situation reported by Yuan et al. (2011) , whose survey revealed that showers, cleaning, and laundry accounted for 82.1% of hot water usage by solar water heaters in China.
The empirical results show that (1) sociodemographic variables such as income level, household size, and homeowner age have significant effects on residents' first-stage choice of a water heater (to buy or not to buy) but no effects on the second-stage choice (which type to buy); (2) information exchange between rural and urban areas is important to facilitate the usage of water heaters, particularly of solar products for rural residents; (3) electricity price has no apparent effect on the choice of solar water heater because it is highly regulated at a very low rate and keeps unchanged for years; (4) government subsidy exerts a significant effect in the first stage but has no differentiated effect on the choice of the three types of water heaters in the second stage. Policy implications for promoting low carbon solar water heaters and green transition of energy system in rural China are drawn from this empirical study.
This study is novel in that, compared with the large amount of literature targeting mainly European and American countries, quantitative studies of consumer choice regarding energy appliances in China are rather limited. Particularly, largely due to a lack of data, no study has investigated the research topic on water heaters in rural China. This study is intended to fill a gap in the literature by examining Chinese data from a household survey. An additional merit of our analysis is that we applied a series of logit models to examine two related issues: The first is the determinants of a binary outcome of using versus not using water heaters (to buy or not to buy), which does not appear to be a relevant issue in the developed countries because water heating or residential space heating systems are widely used in these countries in people's daily lives. In rural China, however, the installation ratio of water heaters is low (only 34.05% in rural China) and hence usage or non-usage of a particular appliance is an issue of high relevance. The second issue is the determinants of multinomial choices of water heaters (which type to buy), facilitating policy implications for promoting solar water heaters and the green transition of energy systems in rural China. Another advantage of this study is that we take into consideration two novel variables in the empirical models, namely the travel frequency of family members of the surveyed respondent and the distance between the respondent's place of residence and the nearest town or urban centre.
As we hypothesize that rural households' decision-making could be affected by knowledge spillovers through social interactions in urban areas, this study attempts to shed some light on the likelihood of spatial interaction effects on rural consumers' choices of water heaters.
The structure of this study is organized as follows. Section 2 reviews relevant studies on residents' choices regarding the adoption of electric appliances or solar products. Section 3 describes the empirical modelling techniques used to address the determinants of consumer choices regarding different water heaters. Section 4 introduces the questionnaire design and data collection issues, and the empirical results are reported in Section 5. Section 6 discusses some policy implications for promoting energy-efficient solar water heaters in China. The last section concludes this study and comments on some potential limitations of the present study as well as suggests options for future research.
Literature review
Various scholars have examined, theoretically or empirically, residential choices regarding electric appliances and energy at national, state, and local levels. In general, existing studies can be broadly classified into the following three strands.
Research objectives: studies regarding residential choices on electric appliances focus mainly on the consumers' choices of household space heating equipment (Braun, 2010; Decker and Menrad, 2015; Michelsen and Madlener, 2012 Ruokamo, 2016) , air conditioners and refrigerators with different energy efficiency labels (Shen and Saijo, 2009) , and willingness to pay for renewable energy technologies like solar PV, micro-wind, solar thermal, heat pumps, biomass boilers, and pellet stoves (Scarpa and Willis, 2010) . For instance, Braun (2010) focused on the determinants of the heating mode choices in Germany. The results implied that regional effects and dwelling features are important for heating system choices. Michelsen and Madlener (2012 examined space heating choices of German homeowners. Specifically, Michelsen and Madlener (2016) analysed data from a 2010 questionnaire survey among owners of existing singlefamily and duplex houses that had received financial grants to install (partly) renewable residential heating systems (i.e. condensing boiler with solar thermal support, heat pump, or wood pellet boiler). They show that environmental protection, a lower dependency on fossil fuels, and a higher degree of residential heating system-related knowledge are key drivers.
In contrast, studies on households' hot water systems are scant. By applying the mixed and nested logit models, Goto et al. (2011) examined how consumers select ecologically efficient water heaters in Japan. They mainly found that energy price is an important determinant of consumers' choices of energy-efficient appliances. Using a discrete choice experiment, Wasi and Carson (2013) studied the switching behaviour of New South Wales homeowners from electric water heaters to more environmentally friendly versions like solar water heaters targeted by hot water system rebate programmes and they evaluated the effectiveness of the programmes. Since this kind of analysis relies heavily on the availability of microdata, to date, no studies were found on discrete choices of households regarding water heaters in China.
Research areas: household's appliance choice studies in the developed countries, especially Germany, represent by far the largest share of the relevant literature. These include studies by Braun (2010) , Decker and Menrad (2015) , and Michelsen and Madlener (2012 in Germany, Gill et al. (2015) and Wasi and Carson (2013) in Australia, Goto et al. (2011) in Japan, Ruokamo (2016) in Finland, Scarpa and Willis (2010) in the UK, and Dubin and McFadden (1984) and Liao and Chang (2002) in the US. Being the most economical, mature, and popular renewable technology (Chang et al., 2009; Han et al., 2010) , solar water heaters have been the topic of several studies in China. This line of studies mainly focused on several relevant aspects of the deployment of this renewable technology and different innovation paths (Urban et al, 2016) . Different aspects of the deployment include social acceptance and public awareness of solar water heaters (Yuan et al., 2011) , economic feasibility analysis of diffusion of solar water heaters (Han et al., 2010; Li et al., 2011; Ma, et al., 2014) , institutional analysis of factors to make solar water heating systems successful (Li et al., 2011; Goess, et al., 2015) , and evaluations of incentive programmes (Chang et al., 2011 (Chang et al., , 2016 Ma et al., 2014) . These studies tend to examine some inherent characteristics of the solar products, but fail to model the possible substitution relationships and consumers' preferences among kinds of water heaters. To the best of the authors' knowledge, no previous study has explored the research subject on choices between various water heaters in China.
Choice determinants: the literature references a number of studies on residential choices regarding electric appliances and solar energy, which are determined by sociodemographic factors (i.e., income, age, education, etc.), dwelling characteristics (i.e., building area, age, and location factors), price factors (i.e., energy prices), and policy factors (i.e., subsidies for solar water heater purchases) (Braun, 2010; Decker and Menrad, 2015; Goto, et al., 2011; Madlener, 2012, 2013) .
These studies, mainly in the context of high-income countries, provided important insights for our analysis on rural households' choices of water heaters in China. Some issues, however, still need to be highlighted and resolved since the situation is distinct, especially in China's rural areas, at least in the following aspects. First, income is not found to be the major factor in choosing a highefficiency, low-carbon product in Germany (Braun, 2010; Michelsen and Madlener, 2013) . A possible reason is that income levels are relatively high in Germany and are therefore not a constraint in the purchase of low-carbon products. In contrast, the income level is relatively low in rural China. Second, energy price plays an important role in influencing consumers' choices of water-heating products in Japan (Goto et al., 2011) , but residential electricity prices are regulated at a very low rate and keep stationary for years in China. Third, the developed countries already have a high rate of ownership of home appliances and their focus has been turning to the replacement of low-efficiency (high-carbon) equipment with high-efficiency (low-carbon)
products. For instance, 95.0% of the owner-occupied houses have a heating system installed in developed countries (Braun, 2010) , and Australia is at the stage of switching from electric water heaters to solar water heaters (Wasi and Carson, 2013) . However, the installation rate of water heaters in rural China remains low, and determinants of consumers' decision choices in China can be different from those in the developed countries. To sum up, there are evident differences between residents in China and Western countries regarding purchasing decisions on electric appliances, justifying our further investigation of choices of shower water heaters in the context of China.
Methodology
In this section, we first describe the multinomial logit model and then the nested logit model.
A multinomial logit model
We start with an unobserved continuous latent variable y* such that y* = xβ + ε, where x is a vector of explanatory variables, β is a column vector of coefficients, and ε is the error disturbances. We recognize that y* is not observable, yet we do observe a realization in the form of a binary dependent variable y such that y = 1 if y* ≥ 0 and y* = 0 if y* ≤ 0. We aim to estimate the probability of success, p, which is written as:
where Pr stands for probability and F is the cumulative distribution function of the error terms, which is usually assumed to follow either the logistic or normal distribution, both of which are Sshaped curves. For the logistic model, Eq. (1) can be rewritten as: p = 1 -1/(1 + e xβ ) = 1/(1 + e -xβ ), whereas for the probit model resulting from the normal distribution, Eq. (1) can be rewritten
The marginal effect of a particular variable is derived as:
where f represents the probability density function. Equation (2) shows that the marginal effect is nonlinear and will depend on not only the coefficient of the variable of interest (βk) but also the chosen distribution F and the values of all of the explanatory variables (x). This result is thus different in several ways from the traditional ordinary least square model, where the marginal effect is constant. To estimate either the logit or probit regression model and the marginal effects, we use the maximum likelihood estimation (MLE) method, which produces consistent and asymptotically efficient estimators. The empirical results from both models tend to be very similar, and preference for one over the other tends to vary with discipline.
The next task is related to examining the determinants of the probability that an individual will choose a specific water heater from a choice set of more than two alternatives [electric water heater, liquefied petroleum gas (LPG) water heater, solar water heater, etc.], given that he or she has already made a choice to purchase a water heater. Therefore, the multinomial logit, having more than two unordered choices for the dependent variable, can actually be considered an extension of the binary logit model as mentioned above. The multinomial logit model is treated as a random utility model (McFadden, 1978) , where
where the utility level Uij is determined by the systematic component of utility Vij, and the random disturbance term εij, which is assumed to be independently and identically distributed with a Gumbel distribution. Utility maximization implies that the probability of an individual i choosing a particular water heater j is determined by pij = Pr (Uij > Uik) for k ≠ j. For the multinomial logit
) for j = 1, 2,…,J, where βs is a vector of parameters to be estimated. The normalization β1 = 0 should be imposed in order to identify the parameters of the model. The marginal effect of a particular variable is = � − ∑ =0 �. Similarly to that for the binary case, the marginal effect in the multinomial logit model depends not only on the coefficient estimate βj but also on all the other coefficient estimates and variables. It is worth mentioning that one important assumption of the multinomial logit model is the independence from irrelevant alternatives (IIA). The IIA assumption implies that introducing another alternative will have the same proportional effect on the probability of each alternative. In order to examine such an assumption, a Hausman-McFadden test (Hausman and McFadden, 1984) or Small-Hsiao test (Small and Hsiao, 1985) can be applied.
A nested logit model
The multinomial logit model is usually criticized for the IIA property of unobserved random error terms εij, which are assumed to be independently and identically distributed (Train, 2009) , or in other words, the alternatives (choices) are assumed to be independent of one another. To model individual behaviour, it is likely that the IIA assumption will be violated if individuals perceive the heating alternatives as close substitutes. For instance, if individuals perceive the attributes of the solar heater and solar-electricity heater as similar, then the unobserved impact factors that affect one heater may also affect another. If there is unobserved correlation among the alternative choices, the multinomial logit model will be improperly specified and will generate parameter estimators that are inconsistent (Greene, 2011) . To remedy the IIA assumption to the greatest extent possible, the nested logit model is a proper method of estimation which embeds alternatives with correlated error terms in a nest. In this study, one possible nest structure is to group households that use shower water heater in a group and those that do not in another group in the first stage (Fig. 1) ; in the second stage, people who use shower water heaters may choose solar water heaters (renewable energy heating system) LPG water heaters, or electric water heaters (traditional heating systems).
The probability of choosing alternative j from nest k is derived by multiplying the probability of selecting nest k by the conditional probability of choosing alternative i, that is, Pr(twig j, branch
for the kth branch, among which x varies over both branches and twigs and z varies over twigs only. The term Ik is known as the inclusive value or a log-sum. The scale parameter τ measures the correlation among the random error terms (εjk, εjl) due to unobservable attributes of lower level choices (i.e., twig choices). Again, MLE is used to estimate the nested logit model. 
Survey and data
In this section, we first introduce the survey design followed by the survey process and then describe the empirical data to be used in this study.
Survey design and process
The data used for this study are taken from the Chinese Residential Energy Consumption Survey 8 (CRECS), which was implemented during the summer period (July and August) in 2014. This round CRECS survey focus only on rural household energy consumption, while the first round survey launched in 2012 targeted at both urban and rural households. The Department of Energy Economics at Renmin University of China designed the questionnaire that has been amended from the US Department of Energy, more specifically the Energy Information Administration
Residential Energy Consumption Survey. The questionnaire covered six main areas with 324 questions about rural household's consumption status in 2013, which included household characteristics, dwelling characteristics, household appliances, space heating and cooling, patterns of private transportation, and electricity billing, metering, and pricing options.
After finishing the design of the questionnaire, we sent it to the National Survey Research Center (NSRC) at Renmin University of China who is in charge of sample selection. Given the time and budget constraints, we decided to give up sampling all provinces in China. Instead, we invited scholars with backgrounds or experience in energy economics, agriculture economics, statistics, and field survey to discuss proper sampling selection strategy, and eventually selected 12 representative provinces that vary substantially in terms of energy types, spatial location, climatic conditions and socioeconomic indicators (Wu et al., 2017) . These provinces include Hebei, Heilongjiang, Jiangsu, Zhejiang, Fujian, Hubei, Hunan, Guangdong, Sichuan, Yunnan, Shaanxi, and Gansu.
In terms of sampling procedures, the samples were selected using a combination of probability proportional to size (PPS) and multi-level random sampling techniques. The sampling procedures include three steps. In the first step, county-level units, which include counties (xian) and countylevel cities (xian ji shi), were first ascertained as the primary sampling units (PSUs), then using a PPS sampling technique, we identified 65 PSUs in these 12 representative provinces. In the second step, 65 villages were selected as the secondary sampling units (SSUs). We randomly selected one village within each county. In the third step, households were the tertiary sampling units (TSUs).
In this step, 60 households were randomly selected from each SSU using the Kish sampling method.
1 From each household, one person aged over 18 was selected to conduct the face-to-face interview. This sampling procedure yields a sample of 3900 rural households in 65 county-level units or villages (i.e., SSUs or TSUs) across 12 provinces that should be surveyed. The sampling distribution is mapped in Fig. 2 .
Last, it is the job of the Youth League of Renmin University to recruit interviewers, who will be provided with a two-day training lecture by the Department of Energy Economics, and will conduct a face-to-face personal interview with the respondent for approximately 1 to 1.5 hours.
Excepting designing the questionnaire and training the interviewers, the Department of Energy Economics is also responsible for controlling data quality. For more details on the energy survey design, sampling and implementation, data quality control, and sample representativeness, the reader is referred to the publications by Wu et al. (2017) , Yu and Guo (2016) , and Zheng et al. (2014) . As mentioned, the survey process should survey 3900 rural households. After data cleaning and removing invalid samples, we obtain a valid sample of 3404 observations.
Data description
In general, there are four types of factors (x) considered to influence whether the surveyed individual chooses a water heater (y). The first type of factor is the individual's social and demographic characteristics such as age, gender, per capita income, and education level. The second type is the price of each energy type like electricity, LPG, and other fossil fuels. The third type includes housing characteristics such as the location of the house of the surveyed individual.
The last type is incentive policies, particularly to promote low-carbon water heaters such as solar products.
Because of some market and non-market barriers such as a lack of information on available technologies and limited access to capital, an energy efficiency gap occurs, taking the form of underinvestment in energy efficiency relative to a description of the socially optimal level of energy efficiency (Allcott and Greenstone, 2012; Gillingham et al., 2009 ). For example, inadequate information, high investment risk, and the high up-front cost of solar water heaters may hinder their application in rural China. In the survey form, we include six categories of explanatory variables: sociodemographic characteristics, information exchange, lifestyle habits, natural resources, energy prices, and policy variables. Table 1 presents the structure of the survey, definition of variables, and theoretical basis of the selection of variables.
[Insert Table 1 about here] Table 2 provides a list of these variables and reports descriptive statistics of the samples. As reported by Yuan et al. (2011) , who conducted a survey in Ji'nan, Shandong province in 2010, public awareness of solar water heaters is much lower among people older than 60 than among people in other age groups. Thus, we use a dummy variable taking a value of 1 if the homeowner is older than 60. For energy-saving awareness, we use a binary category variable by setting it to 1 when a household uses at least one inefficient incandescent bulb. The underlying logic is that energy-saving awareness is much lower in households still using filament lamps when sunlight or energy-saving lamps are widespread in rural China. The educational level variable is formed by setting the binary value to 1 when the homeowner has not experienced formal education. We also introduce a dummy to represent the travel frequency of a family by setting the value to 1 if the total number of trips per year is between 1 and 5. Likewise, we set the binary value to 1 when households are located within 1 km of a town centre and 0 otherwise.
In general, China has abundant solar energy. The solar radiation zone with more than 2200
sunshine hours covers about 67% of the country's land area (Liu et al., 2010) . In this study, we use a dummy as a proxy for the solar resources received by each household. According to the zoning of solar radiation in a national feed-in tariff for PV power generation (NDRC, 2013), we set the value to 1 if a household is located in Class I or II (with abundant radiation) and 0 otherwise. The value of the policy variable is defined as 1 if a subsidy is available when households make a purchase. The subsidy available for rural residents in China primarily refers to the "Home Appliances Going to the Countryside" programme, which was in effect from 2009 to early 2013.
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The remaining variables such as income, family size, air temperature, and energy prices have continuous or discrete values as listed in Table 2 . For instance, 44.84% of surveyed households earned more than 8000 yuan per capita in 2013. In rural China, two-person households are the most common, making up of 37.95% of the total. Compared with the variation of LPG prices, the price of electricity presents only a small change among the surveyed households. In addition, we introduce regional dummies to control for regional heterogeneity in terms of unobserved factors such as consumption culture. For households located in Guangdong, Fujian, Jiangsu or Zhejiang, we create dummy east, while for families in Gansu, Shaanxi, Sichuan or Yunnan, another dummy west is added.
According to our survey, the coverage rate of shower water heaters (which is defined as the ratio of the number of households installing shower water heaters to the total number of households surveyed) in rural China is 34.05% in 2013 (Fig. 3) . The figure is fairly reasonable compared to the official statistic of 40.8% released for the year 2012 (Fig. 4) .
According to Fig. 3 (Han et al., 2010) . However, these are the two provinces that have the highest deployment rates of solar water heaters in China, while other provinces have far lower rates.
[Insert Table 2 
Empirical results
In this section, we report first the empirical results from the multinomial logit model and then the results from the nested logit model. To treat with possible error correlation among households in the same village, we employ village cluster standard error technique to run the following models.
The multinomial logit model
We first use a multinomial logit model to test the determinants of the purchase decision making regarding water heaters by rural residents in China. The independent variables can be grouped into sociodemographic characteristics, information exchange, lifestyle habits, natural resources, energy price, policy variable, and the regional variable. As reported in Table 3 , we mainly focus on the selection of three types of water heaters, that is, electric, LPG, and solar water heaters. Treating families without installed water heaters as a base category, the estimation results are listed in Columns 3 to 5 in Table 3 . In subsequent columns, the electric water heater (Columns 6 and 7)
and LPG water heater (Column 8) are used as the base categories, respectively. It is worth mentioning that only 1757 observations are used in the regression analysis due to missing data for the income, education, distance, and LPG price. We performed a nonparametric Mann-Whitney test on several variables such as water-heater usage, family size, energy-saving, distance and electricity price for these two subsamples (included and exclude). In general, we find no evidence of systematic difference between these two subsamples, implying the empirical econometric models with some missing data dropped from the regression may not suffer from sample selection bias problem and the current sample used is fairly representative.
For sociodemographic characteristics, we find that factors such as income, family size, and age of home owner matter in families' purchasing decisions on water heaters. Household income per capita can exert a significant positive impact on the deployment decision of a rural household. The coefficients of income are positive for all three types of water heater, indicating that the probability of water heater usage of any type will increase as family income rises. Specifically, when income rises by 1000 Chinese yuan per year, the log-odds ratio of the LPG water heater versus the base case (i.e., no installation) will increase by 6.42%. 4 The coefficients of the electric and solar water heaters are 2.66 and 2.12%, which are much smaller than that of the LPG alternative. Compared to households with electric water heaters, a higher income will increase the chance of deployment of an LPG water heater (0.0376**), while the probability of solar water heater usage will not increase (-0.00534). In terms of family size, the significance of coefficients is fairly similar to the income case. When a family has an additional member, the log-odds ratio of LPG water heater usage versus non-usage will increase by 45.6%. In the electric and solar cases, the coefficients are 22.5 and 16.0%, respectively. However, the coefficients for age are quite distinct. If the age of the homeowner exceeds 60 years, the probability of LPG and solar water heater installation drops substantially, with coefficients of −1.032 and −0.530, respectively. Neither awareness nor education has a significant impact on the purchase behaviour.
Information exchange is relevant in the purchase decisions of rural residents regarding solar water heaters. Although the frequency of travels to city areas per year seems to be irrelevant for usage of the three types of water heaters, households have a higher tendency, compared to those who do not install water heaters, to install solar water heaters when the household is located within 1 km of the nearest town centre (the coefficient is 0.711**). However, the effects are not significant in statistics for either electric water heater or LPG water heater (the coefficients are 0.488 and 0.395, respectively).
Regarding lifestyle habits, we find that air temperature is a significant determinant. With a higher temperature, residents in rural areas tend to install more LPG water heater and solar water heaters compared to families without any water heaters (0.606*** and 0.184**). This simply reflects the fact that people living in warmer area are more likely to install a water heater so as to take a shower. However, the usage of electric water heater is insensitive to air temperature. One possible explanation is that rural residents in cold zones can use electric heaters to raise air temperature of bathroom at night, making shower at home feasible.
Households living in regions with high solar radiation are found to have a higher but insignificant probability of deploying a solar water heater (0.514). This finding implies that solar resource is typically not a constraint for rural residents in China to deployed solar water heaters.
According to our survey, the coverage rate of solar water heater reaches 14.9% (83 out of 557 households surveyed) in Sichuan Province, a province with the least solar radiation in China (Ma et al., 2014) . The coverage rate of solar water heater is much higher than that of electric water heater in Sichuan (6.1% for electric water heater, 34 out of 557 households). In addition, households situated in areas with rich solar radiation will have more chance to deploy a solar water heater compared to a LPG product (13.25***), which seems to be fairly reasonable.
In contrast to families without water heaters, a higher electricity price reduces the probability of a household installing an electric water heater (−0.0933*). This is reasonable since a higher price pushes up the operating costs of a water heater fuelled by electricity. Further, we find that a higher electricity price increases the probability of a household using an LPG heater (0.103**). However, a higher electricity price does not increase the probability of using a solar water heater (−0.200***),
indicating that an LPG water heater is more likely to be a better alternative to an electric water heater. The coefficient of LPG price is typically insignificant, implying that the LPG price is not an important factor for rural residents in selecting a water heater. A basic fact is that the usage of LPG water heater is unpopular in rural China, with a coverage rate of only 4.29%. The primary usage of LPG in rural China is cooking instead of showering.
With regard to the policy variable, the coefficients are generally significant when families without water heaters are treated as the comparison group. The subsidy as a part of the "Home Appliances Going to the Countryside" programme can promote the probability of installation of all three types of water heaters (20.89***, 19.24*** and 20.31***). The effect on electric water heaters is typically larger than that on their LPG or solar alternatives. The policy effects are −1.651*** and −0.573*** for LPG and solar water heaters compared to an electric product. The policy effect is more evident for solar water heaters than in the LPG case (1.078*).
For the empirical findings from the multinomial logit model to be valid, the IIA assumption must be held. This assumption forces the odds of choosing one alternative over another to be independent of the other alternatives. We run both Hausman-McFadden tests and Small-Hsiao tests to test the IIA assumption for each possible omitted category. 5 The Hausman-McFadden tests, at the conventional 5% level of significance, suggested that the odds are dependent on other alternatives for all four choices (including non-usage and electric, LPG, and solar water heaters).
However, according to Small-Hsiao tests, the independence of non-usage is supported, while the use of the three types of water heaters is dependent on one another.
Thus, it is necessary to further run nested logit models for several reasons. First, the nested logit models relax the strict assumption that each alternative is independent of the others. Second, the residents' choices regarding water heaters in rural China exhibit a clear two-stage structure.
The first decision is whether or not to purchase a water heater, and the second is the choice of one of the three products to finish the whole decision process. Third, if the estimation results by the multinomial and nested logit models are consistent, this cross-checking strategy can confirm the robustness of our main findings.
[Insert Table 3 about here]
The nested logit model
We first cluster all explanatory variables into two groups. The first group mainly determines whether a household will decide to install a water heater or not, while the second group includes factors affecting which type of product the household will choose. In the first stage, the explanatory variables are income, family size, age of homeowner, number of long-distance trips, distance, and air temperature. The remaining variables including the regional dummies are used in the second stage (see NL-1 in Table 4 ). Considering that some of variables may affect both stages, we interchange the income, travel, distance, and air temperature variables with the electricity price, LPG price, and subsidy variables between the two stages (see NL-2 in Table 4 ). The estimation results are reported in Table 4 .
[Insert Table 4 about here]
In the first stage, the results show that the variables income, family size, age, distance, air temperature, and subsidy policy play a role in the purchase decision. Consistently with the findings obtained with the multinomial logit models, factors such as income, size, distance, and temperature can promote the water heater usage of rural households. More precisely, the log-odds ratio increases by 2.65% when income rises by 1000 Chinese yuan (0.0265**). The ratio increases substantially by 21.0% if one more person is added to a family (0.210***). These findings are consistent with the case of solar water heater diffusion in Taiwan, where economic status (disposal incomes and incentives) and population characteristics (household size) have been proven to be major barriers to installation decisions by households (Chang et al., 2009 ). The finding is also consistent with that by Ma et al. (2014) , who found that a higher net income of rural residents can boost the application of solar water heaters significantly.
Information exchange is another significant factor in rural residents' purchase decisions. The effect is captured by the variable distance, whose coefficient is 0.646**. Lifestyle habits, represented by air temperature, are also an important factor. The estimated coefficient is 0.177***.
According to Han et al. (2010) , when the air temperature is below −8 °C, solar water heaters cannot work as the water in the pipe will freeze. Although energy prices are theoretically important factors for consumers in adopting water heaters based on fossil fuels (Michelsen and Madlener, 2016) , neither electricity price nor LPG price is a significant factor in the process of the first decision for rural residents. Similarly to that obtained by multinomial estimation, the coefficient of policy variable is significantly positive (20.65***), indicating that the 13% price subsidy in rural China can substantially facilitate the diffusion of shower water heater.
In the second stage, the sociodemographic factors income, awareness, and educational level are insignificant. This implies that income level can only determine the purchase behaviour and not the product type purchased. The findings are similar to those obtained by Goto et al. (2011) , who found that the purchase of efficient water heaters compared with efficient ones is not related to family income in Japan. In the context of Spain and Tunisia, however, the situation appears to be different. According to a survey conducted by Ramos et al. (2016) in Spain, households with higher incomes and educational levels are more likely to invest in energy-efficiency improvements.
Using survey data from Tunisia, Jridi et al. (2015) found that compared with traditional water heaters, both income and educational level exert a positive impact on the application of solar water heaters.
Among all the explanatory variables, solar radiation and electricity price play a role in the product type decision. Several interesting findings can be summarized. First, information exchange seems to be irrelevant for rural residents' decision in the second stage, although households have higher probability to install a water heater in the first stage if the family is located near a town.
Note that we use village cluster standard error to treat with possible information spill over among residents from the same neighbourhood in a village. If we use traditional robust standard error, the three coefficients for variable distance are −5.050*, 1.990* and 7.041**. 6 The results simply imply that residents have more chance to deploy a solar water heater than their LPG and electric alternatives. The fact that these coefficients become insignificant by using village-clustered standard error further implies that instead of external information acquisition from the nearest town centre, the primary channel of information exchange may be the internal spillover among residents in the same village. Other related studies have also confirmed that information is an important factor. In Germany, for example, Michelsen and Madlener (2016) found that homeowners who are more informed have a higher probability of switching from a traditional heating system to a renewable one. This further highlights the importance of information provision (e.g., expected energy-saving effect, technical reliability, and tailored recommendations on technical parameters) in the adoption process of all kinds of solar water heaters.
Second, a higher electricity price will promote the substitution of an electric water heater for an LPG one (0.374**). The coefficient of electricity price for solar water heaters is insignificant (−0.0725) and that for LPG water heater is significantly negative (−0.446**). It seems that for rural residents, a LPG water heater instead of a solar one tends to serve as a substitute for an electric product when electricity price goes up. In rural China, electricity price plays a limited role for rural residents in choosing low-carbon water heaters. This situation is different from those observed in industrialized countries. For example, Goto et al. (2011) and Michelsen and Madlener (2016) found that in Germany and Japan, respectively, an increase in energy price will enhance the probability of choosing energy-efficient water heaters, as a price increase promotes the consumer's consciousness of energy conservation, so a cost reduction in energy consumption becomes essential in the use of efficient appliances. One possible explanation for Chinese case is that electric heaters are installed in areas where the electricity prices are also higher. 7 According to our survey, for example, the average electricity price for rural residents is 0.592 yuan per kWh in Hunan Province in 2013, the second highest among the 12 surveyed provinces. The coverage rate of electric water heater reaches 34.3%, the third highest among the 12 provinces. Another explanation for the insignificant coefficient may be that in China the end-use electricity price is strictly regulated by the Chinese government. Residents within a province are charged the same electricity price, which is much lower than that for industries and keeps unchanged for years. Hence, residential price within a province demonstrates no variation and the cost-saving incentive of reducing electric bill is undermined.
Turning to the last variable, the 13% price subsidy exerts no differentiated effects on the three kinds of water heaters in the second stage, although it does matter for rural residents to make a purchasing decision of a water heater. This situation is somewhat different from cases in developed countries. In Japan, for example, when consumers know about the availability of financial support from the government, the purchase of energy-efficient water heaters with higher up-front costs increases significantly (Goto et al., 2011) . In rural China, however, it seems that rural residents demonstrate a higher tendency to obtain grants when they purchase electric water heaters according to the results by multinomial logit model (Table 3 ). In the case of free-riders, more rural residents decide to purchase electric water heaters, which are much cheaper than solar water heaters, in advance and they enjoy the subsidy policy when it becomes available.
Policy implications
As a low-carbon product, solar water heaters deserve more policy attention compared to their alternatives that are fuelled by traditional energy sources in China. Potential policy interventions to popularize water heaters include awareness measures, command and control instruments, and market-based instruments (investment support and operating support) (Scarpa and Willis, 2010) .
However, the required change in consumption behaviours toward sustainable consumption cannot normally be achieved by force but can only be achieved with a voluntary approach such as an information-provision policy or economic incentive policies (Shen and Saijo, 2009) .
A financial incentive policy is needed to accelerate the diffusion of solar water heaters in rural China. For a rational individual, the decision regarding whether to make an energy-efficiency investment requires weighing of the initial costs against the expected future capital savings (Gillingham et al., 2009; Wasi and Carson, 2013) . According to a survey carried out in Zhejiang province, the up-front costs (average price and pipes costs) of solar water heaters amounted to 2250 yuan. This is much more expensive than the cost of purchasing an electric water heater (833 yuan on average) or a gas-fuelled water heater (560 yuan on average) (Han et al., 2010) . Economic factors are considered the most important factors for residents regarding the use of solar water heaters in China (Yuan et al., 2011) . In rural China, however, there is no specific incentive policy targeting the deployment of the low-carbon product (Li et al., 2013) . The four-year subsidy policy nested in "Home Appliances Going to the Countryside" programme expired in early 2013 (Ma et al., 2014) . This programme is not a specific policy for disseminating solar water heaters in rural China, as electric and LPG water heaters are also covered by the 13% price subsidy policy.
Compared with their alternatives, the much higher up-front costs of solar water heaters will still pose an obstacle to low-carbon investment among rural residents. According to the empirical results shown in Tables 3, the subsidy policy seems to be more effective for electric water heaters than for solar products. The much higher initial costs of solar water heaters may be a key factor, considering that the purchasing power of rural residents is generally limited. The support policy in China should be improved by explicitly targeting energy-efficient or low-carbon aspects of water heaters. Thus, a new programme targeting solar water heaters in rural China (probably a subsidy policy) ought to be issued in order to provide a financial incentive for rural residents to deploy the low-carbon product.
In addition, China has initiated a new round of electricity price reforms in 2015. One of the key targets is to shift the price-forming mechanism from a highly regulated structure to a marketbased pricing system (Zeng et al., 2016) . In the case where the end-use price for residents can reflect its real costs and external environmental damages, the market incentive for investment in solar water heaters will be more likely to be effective. The usage of low-carbon products will be accelerated.
An information programme is also important for a low-carbon transition in rural China. For consumers who urgently need water heaters, insufficient information may be collected due to time and knowledge limitations. Then, inefficient investment decisions may be made. The best policy here is to improve the information set available to households who make purchases in emergency situations (Wasi and Carson, 2013) . According to the empirical results of this paper, income is one of the key factors determining the application of water heaters in rural China, although it cannot determine which type of water heater is deployed. In China, there are more than 5000 solar water heater manufacturers, most of which are limited in production capacity and product quality (Han et al., 2010) . To survive in the fiercely competitive market, they offer low-quality solar water heater products at very low prices, resulting in market disturbance. These aspects highlight the importance of provision of information regarding solar water heaters. To correct information market failures, the provision of information such as product quality, expected energy-saving effect, technical reliability, and tailored recommendations on technical parameters are necessary, and in this way the transition to low-carbon residential energy usage can be accelerated in rural China.
The findings of this paper also have some implications for the marketing policies of water heater manufacturers. For a water heater company, marketing efforts should be targeted at rural residents with relatively high incomes and young homeowners (not older than 60) who are not already equipped with shower water heaters. Regions with larger family sizes and/or higher temperature should be prioritized as the target market for popularizing solar water heaters. Also, villages near town centres should be targeted by water heater manufacturers when formulating marketing strategies, as the proximity to urban areas may increase the likelihood of consumers purchasing solar water heaters.
Concluding remarks
The adoption decision of durable goods such as water heaters is important because it probably fixes the hot-water-related fuel consumption type and pattern of a home for at least the next few years or even more than 10 years. Once a household has selected a solar water heater rather than one fuelled by traditional fuels, low-carbon consumption will be locked-in in the long run. We empirically investigated the choice patterns of households regarding water heaters, highlighting the widespread usage of solar water heaters in rural China. This makes this research relevant because the use of solar water heaters reduces not only the fossil fuel consumption and energy costs of households but also their CO2 emissions. Thus, it is of high relevance to gain a deeper understanding of homeowners' decision-making processes. From the empirical analysis using micro-level individual data from the questionnaire survey that was designed by our research team, we find considerable consumer heterogeneity regarding the preference for different types of water heaters among rural households. We show that there are different drivers behind the water heating adoption decision. In addition to sociodemographic characteristics (such as income, household size, and age), information availability is found to be a significant determinant of the homeowners' adoption decisions. Households located near urban centres have a higher probability of installing water heaters, particularly solar products. Another novel finding of this paper is that income, household size, and homeowner age only determine whether a household installs a water heater but do not affect which type of water heater is deployed. In rural China, electricity price plays little role in speeding up the green transition of energy systems because the price is unchanged for years and is too low (far lower than the industrial electricity price) to provide enough cost-saving incentives. The policy "Home Appliances Going to the Countryside" programme has been proven to be effective in promoting the penetration of water heaters in rural China. The importance of key determinants also differs between water heaters and groups of homeowners, implying that the water heater adoption decision is a rather complex process.
Three key policy and managerial implications can be drawn from this study, as follows: (1) Financial incentives: A subsidy programme targeting energy-efficient or low-carbon products like solar water heaters in rural China should be provided by the government to the rural residents; (2) Information disclosure: Provision of information regarding solar water heaters such as information on product quality, expected energy-saving effect, and technical reliability should not be ignored given that rural residents are imperfectly informed and hence make inefficient investments; and (3) Marketing perspective: For policy instruments aiming at promoting the success of solar water heaters, water heater manufacturers should take into account the heterogeneity of rural households, considering the regional variety in particular.
We conclude the paper with some comments on the potential and limitations of the present study. There are limitations related to the design of the questionnaire survey: (1) Due to budget considerations, we did not collect data from rural residents in all Chinese provinces, but instead chose 12 representative provinces from each administrative zone in China, which may affect the sample representativeness; (2) The survey period is limited to June 2014 to September 2014; in other words, our data are cross-sectional and not longitudinal, which prevented us from exploring the dynamic nature of rural households' preferences and attitudes towards a certain type of water heater given changing conditions like changes in energy prices or installation costs; (3) There are various types of water heaters on the market, and the solar-type water heaters themselves include two kinds: the solar-electric type and the solar only type. In this study, we did not attempt further classification to distinguish these two types but grouped them together as solar water heaters.
There is also scope for further research. For example, peer effects have been recognized as one of the major drivers influencing nearly all individual decision-making (e.g., the diffusion of new technologies, the decision to adopt solar PV systems, etc.), as evidenced by a broad range of studies (Graziano and Gillingham, 2015; Manski, 1993; Rode and Weber, 2016; Towe and Chad, 2013) .
Mechanisms through which peer effects operate may include spatial knowledge spillover or information spread through contact, resource pooling, changes in preferences, and so on.
Examining the peer effects in the residents' choices of water heaters in China could be one avenue of future research.
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Footnotes
1 Without otherwise specified, the term "villages" used in this study refer to administrative villages, not natural villages. An administrative village typically include several natural villages.
2 For detailed information on the "Home Appliances Going to the Countryside" programme, please refer to Ma et al. (2014) .
3 Note that the category "other water heaters" has been omitted from the discrete choice analysis as there were only a very small number of observations (see Fig. 3 ).
4 To better illustrate this result, we take the income coefficient of 0.0653 in the LPG case as an example. This coefficient satisfies the equation , where βi represents the coefficient, xi denotes income, and Pr is the probability function.
5 Because the estimated model does not satisfy the asymptotic assumptions of the Hausman test, the statistical values for some omitted categories are negative. We did not use this technique.
6 As a reviewer suggested, we use a more reasonable technique (i.e., village cluster standard error) to conduct statistical inference. Here we make some comparison with results by traditional robust standard error to analyse the primary channel of information spill over. To save space, we do not list the results by robust standard error in Table 4 .
7 In general, this is the case but not for all provinces. For instance, according to our survey, Guangdong Province has a highest electricity price (0.681 yuan/kWh), but a low coverage rate of electric water heater (only 5.9%). Water heaters are durable goods with high up-front costs (Han et al., 2010) . Financial considerations are one of the key determinants in the decision-making process of consumer adoption, especially for solar water heaters (Lin et al., 2015; Wasi and Carson, 2013) .
Size Number of household members
Household size largely determines the amount of demand for hot water of a family (Goto et al., 2011) . A larger size can result in economies of scale (Ma et al., 2014) .
Age Age of homeowner
Old people are typically risk-averse and tend to maintain their traditional lifestyles (Michelsen and Madlener, 2012) . They are less likely to accept innovations such as installation of a new water heater.
Awareness
Awareness of electricity conservation
Energy-saving awareness may be important in selecting a lowcarbon durable (e.g., solar water heater) rather than an environmentally unfriendly one (e.g., LPG water heater).
Education Educational status of homeowner
Lack of education can undermine the capacity to make an investment decision and the ability to acquire knowledge to operate a new product.
Information exchange Travel
Frequency with which family members travel (only long-distance travel where they cannot return within a day)
Rural residents can obtain more information about the sale and usage of water heaters when they have the chance to go into towns or cities (Zhang et al., 2012) . However, if rural residents spend most of their time in cities, the utility obtained from using a water heater will shrink due to the idle period during which the equipment is not used (Ma et al., 2014 The air temperature will affect people's lifestyle habits such as shower frequency and the desirable temperature of hot water.
Natural resource Solar
The amount of solar radiation Solar radiation is an essential condition for the use of a solar water heating system (Han et al., 2010) .
Energy price Electricity price
End-user electricity price for household
The end-use price of electricity mainly determines the operating costs of an electric water heater.
LPG price Average retail price of liquefied petroleum gas
The retail price of LPG mainly determines the operating costs of an LPG water heater.
Policy variable Subsidy
Whether a subsidy nested in the "Home Appliances Going to the Countryside" programme is available when purchasing Due to high up-front costs, financial support has been proven to be important in the deployment of solar water heaters (Lin et al., 2015) . The grant may also be important for households to purchase other water heaters. Table 3 Parameter estimates by multinomial logit model 
